Background
Introduction
Goblet cell carcinoids/carcinomas (GCCs) are considered a subgroup of mixed neuroendocrine neoplasms (NENs) and adenocarcinomas occurring with an incidence of approximately 0.01-0.05/100,000/year and occur almost exclusively in the appendix [1] [2] [3] . GCCs were first described as a separate entity from adenocarcinomas and carcinoid tumors in 1974 [4] . GCCs are more aggressive than typical appendiceal carcinoid tumors but less aggressive than adenocarcinomas [5] [6] [7] [8] .
According to the SEER database of 227 GCCs registered in 1973-1998, the mean age at diagnosis was 52 years with a second peak in the seventies [2] . Thus, patients with GCCs are approximately 1-3 decades older than patients with appendiceal NENs [1, 6, 7, 9] . A higher incidence among Caucasians is described [2, 10] .
According to the SEER database the female-male ratio in GCC patients is equal [2] . However, smaller case-series (< 65 patients) report either an equal gender distribution [7, 11] or an overweight of female patients [8, 9] . In The World Health Organization (WHO) tumor classification from 2010 [3] GCC is considered a subgroup of mixed adenoneuroendocrine carcinomas (MANECs) and is in the Tumor-Nodes-Metastasis (TNM) classification of malignant tumors (Union for International Cancer Control (UICC) / American Joint Committee on Cancer (AJCC) / European Neureoendocrine Tumor Society (ENETS)) classified according to the scheme for adenocarcinoma [1, 12, 13] .
Tang et al. proposed a pathological subclassification of GCCs based only on the morphology of the primary tumor [9] . This subclassification (Tang group A, B and C) has proved useful for predicting clinical behavior and prognosis.
Approximately 50-60% of the patients presented with symptoms of acute appendicitis [1] . However, one third of the patients were asymptomatic and the GCC was identified incidentally after appendectomy performed in addition to other surgery [7, 14, 15] . Other patients presented with chronic intermittent abdominal pain, palpable abdominal mass, gastrointestinal bleeding and weight loss. Less than 1% of patients had an established preoperative diagnosis of a primary appendiceal GCC [1, 9, 16] . At diagnosis, approximately 10% of GCCs were disseminated with distant metastases to the ovaries, the peritoneum, distant lymph nodes, liver, and bones [1] . Females with ovarian masses were generally presumed preoperatively to have a primary ovarian cancer [9] .
The aim of this retrospective study was to characterize a large cohort of Danish patients with appendiceal GCCs obtained from the databases at the ENETS Centers of Excellence at Rigshospitalet, Copenhagen University Hospital and at Aarhus University Hospital, Denmark.
Material and Methods

Patient identification
From the NEN-databases 83 patients with primary appendiceal GCC were in the period May 1992 to April 2013 identified at Rigshospitalet, Copenhagen University Hospital (n = 59) and at Aarhus University Hospital (n = 24), Denmark. Patients had regular followup every 3-12 months dependent on state of disease. Given the retrospective nature of the study, the follow-up procedures varied in terms of time intervals and available clinical procedures (biochemical markers and imaging). Tables 1, 2 and 3 . Radical surgery refers to R0 or R1 and non-radical surgery to R2 [17] .
Localized disease was defined as GCC restricted to the appendix and regional lymph nodes (Stage I-III) and disseminated disease as metastases e.g. to the ovaries, liver or peritoneum (Stage IVA and IVB). Stage grouping was based on pathological (p)TNM and clinical (c)TNM, whenever possible (n = 77) [13] .
Morphology and Immunohistochemistry
Tissue from the primary appendiceal GCC was available from all 83 patients. Hematoxylin and eosin stained sections were reviewed to confirm the diagnosis and to apply the Tang Classification (Fig. 1A, 1B, 1C ) [9] . When possible the pTNM and Stage (S1 Table) were determined according to UICC [13] (Table 1) .
All 83 tumors were immunostained using the antibodies listed in S2 Table, where more details of the immunoreactions are depicted.
Ki67 and survivin immunoreactivity were expressed as the mean percentage of tumor cells with the highest nuclear labeling after counting 20 hot spot areas. Based on the Ki67 index the tumors were classified into subgroups: Ki67 2%, Ki67 3-20% and Ki67 >20% as used for NENs according to the WHO 2010 Classification [3] .
For the remaining immunostains, immunoreactivity was scored as positive (more than 30% of the tumor cells reacted), focally positive (1-30% of the tumor cells reacted) or negative (less than 1% of the tumor cells reacted). Two pathologists reviewed the slides first separately and when there was disagreement, the cases were discussed at the double-headed microscope until agreement was reached.
Statistical analysis
Data are presented as median and range. Descriptive statistics were used to characterize clinical parameters. One-way analysis of variance was used for comparison of continuous variables between groups. The association of categorical variables was assessed by chi-square test or Fisher's exact test when appropriate and the t-test, Mann-Whitney test for continuous variables. Overall survival (OS) was defined as the time from the date of diagnosis to the date of death from any cause or last follow-up. Relapse free survival (RFS) was defined as time form primary radical treatment to development of first evidence of clinical or radiological proven metastatic disease. OS and RFS were estimated by the Kaplan-Meier method, and significance was tested by the log-rank test using the IBM SPSS Statistics 20 software (IBM, Armonk, USA). A p-value below 0.05 was considered statistically significant. Multivariate analyses using the Cox proportional hazards regression model were performed to identify factors independently associated with prognosis. Covariates in the univariate analysis are given in Table 4 . All significant factors from the univariate analysis were included in the multivariate analyses (Table 4 ). The receiver operating characteristic (ROC) method was used to identify the value of survivin and Ki67 index (continuous variables) as prognostic factors and if applicable the best cut-offs were used. No cut-off for survivin could be determined by the ROC method; hence the median value of 15 was used to subdivide into two groups used in the univariate analyses.
Results
Patient characteristics
Patient characteristics are given in Table 1 . Of the 83 patients, 54 patients (65%) had localized disease and 29 patients (35%) had disseminated disease at diagnosis.
The cohort consisted of 67% females and 33% males. In patients with localized disease the female/male ratio was 29/25. Disseminated disease was found in 48% (n = 27) of the females and in 7% (n = 2) of the males (p<0.0001).
The median age at diagnosis was 59 years (range 31-77). There was no difference in age between the subgroups localized disease vs. disseminated disease at diagnosis (59 vs. 58 years; p = 0.81) or gender in the entire cohort (female vs. male; 59 vs. 58 years; p = 0.82) or in the subgroups localized females vs. localized males (60 vs. 57 years; p = 0.63) and disseminated females vs. disseminated males (57 vs. 68 years; p = 0.10). Median age for patients diagnosed as Tang 
Clinical presentation
The most common clinical presentation was symptoms of acute appendicitis (58%) followed by symptoms similar to ovarian cancer (Table 1) . One patient presented with the carcinoid *1: carboplatin+etoposide (n = 10); cisplatin+topotecan (n = 1).
*2: capecitabine+oxaliplatin (n = 6); irinotecan (n = 1); FOLFOX (n = 1); bevazicumab+oxaliplatin+capecitabine (n = 1).
*3: streptozocin+5-FU (n = 3). *4: carboplatin+docetaxel (n = 1).
*a: After relapse.
Abbreviations: LOC (Localized), DISS. (Disseminated).
doi:10.1371/journal.pone.0117627.t003 syndrome. In patients with localized disease 85% (n = 45) presented with symptoms of appendicitis whereas 59% (n = 17) of patients with disseminated disease presented with symptoms suspicious for ovarian cancer.
Tumor Stage Grouping
Determination of TNM and Stage grouping was possible in 77 (93%) patients (Table 1 and  Table 2 ). Fifty patients were classified as Stage I-III and 27 patients were classified as Stage IV. Of these 89% had distant metastases in more than one organ. TNM and Stage grouping are specified in S1 Table. No correlation was found between Ki67 index and Stage grouping ( Table 2 ). In Tang group A, 27 of the patients had tumor Stage I, II or III ( Table 2 ). The three patients having Stage IVB in Tang group A were all females, two patients had non-radical surgery and one had radical resection but relapsed subsequently. In Tang 
Clinical management
Surgical treatment
All 83 patients had resection of the primary tumor (Table 3) of which 76% had a radical resection. Of the 54 patients with localized disease 94% had an appendectomy followed by a right-sided hemicolectomy (RSH) and 6% (n = 4) had a simple appendectomy. These four patients all belonged to Tang group A of which three are still alive. All 54 patients had radical resections. Three patients had a bilateral salpingo-oophorectomy (BSO) more than 1 year later due to development of ovarian metastases.
Of the 29 patients with disseminated disease at diagnosis, only 9 (31%) had radical resections (Table 3) .
Four patients received hyperthermic intraperitoneal chemotherapy (HIPEC) with mitomycin C in relation to surgery (one male and three females), of whom three presented with Table 3 ). None of the 54 patients with localized disease had adjuvant therapy after primary surgery, however, six of these had chemotherapy after relapse.
Of the 29 patients with disseminated disease at initial presentation 11 (38%) did not receive systemic chemotherapy, while 18 (62%) of which 13 (72%) had non-radical resections, received systemic chemotherapy. First-line regimens used are shown in Table 3 .
Morphology and immunohistochemistry (IHC)
Histological re-evaluation confirmed the diagnosis of GCC in all 83 patients (Table 1 ). There was no significant difference in positivity of CgA, synaptophysin and serotonin between localized and disseminated disease.
The tumor suppressor protein p53, determined in 93% of the patients, was positive or focally positive in all patients with localized disease (n = 51) vs. 76% (n = 22) of patients with disseminated disease at diagnosis (p = 0.004). There was no difference in gender regarding neuroendocrine markers and p53.
MUC1 and MUC2 were positive in the majority of the patients independent of tumor spread and survivin showed no significant difference between localized vs. disseminated disease ( Table 1) .
The median Ki-67 proliferation index was 32% and almost identical in patients with localized or disseminated disease (p = 0.62; Table 1 ). In both groups 17% had a Ki-67 index 20% and 87% had a Ki-67 index >20% (Table 1) .
According to the Tang classification 41%, 48% and 11% belonged to group A, B and C, respectively (Table 1) . When comparing localized vs. disseminated disease, 55% vs. 14% belonged to group A (p<0.001), 43% vs. 59% to group B (p = 0.11) and 2% vs. 27% to group C (p<0.001) ( Table 1) . Table 2 reflects results for the individual IHC markers to the Ki67 index and the Tang A, B and C Classification, respectively.
The neuroendocrine markers CgA and synaptophysin were positive in 85% or more in Tang group A and B decreasing to 67% in Tang Almost identical percentages of median Ki67 index were found for localized and disseminated disease, respectively (30% vs. 34%; p = 0.66; Table 2 ).
Median Ki67 index was significantly higher in Tang group C (50%) compared to Tang group A (30%; p<0.0001), and Tang group B (30%; p< 0.004) ( Table 2) .
Survivin was positive in 9% of patients with a Ki67 20% compared to 16% with a Ki67 > 20% (p<0.0001; Table 2 ), however, there was no significant difference in survivin positivity in the three Tang groups. Survivin and Ki67 were tested as prognostic markers by ROC curve analysis with AUCs of 0.55 (95% CI: 0.42-0.68, SE = 0.07) for survivin and of 0.46 (95% CI: 0.33-0.58, SE = 0.07) for Ki67, respectively. However, as continuous variables neither survivin nor Ki67 were useful as prognostic markers for GCCs. Furthermore, the Ki67 index as a categorical variable (Ki67 <20% vs. Ki67 >20%) was insignificant in our univariate analysis (Table 4) .
Postoperative Somatostatin Receptor Imaging
Somatostatin receptor scintigraphy (SRS) was performed post-operatively in 48 patients (58%) ( Table 3) . Of these 13 patients (27%) had residual tumor and SRS was positive in 5 (38%). Of patients with disseminated disease 17 had a SRS of which 4 (24%) had a positive uptake in the residual tumor. SRS was performed in 31 patients with localized disease of which one was positive (3%). No patients had false positive SRS. Thirty-five patients (73%) had no residual tumor and negative SRS.
Survival and prognostic factors
The median OS of the 83 patients was 83 months (95% CI: 51-115 months), with 42 patients (51%) being alive at last follow-up. The one-, five-and ten-year survival rates were 90%, 58% and 38%, respectively. The median OS for the 54 patients with localized disease at diagnosis was 164 months (95% CI: 90-238 months). The one-, five-and ten-year survival rates were 100%, 80% and 55%, respectively. In the 29 patients with disseminated disease the median OS was 19 months (95% CI: 15-23 months). The one-, five-and ten-year survival rates were 73%, 18% and 6%, respectively. The difference in survival between the two groups was highly significant (HR: 7.8, 95% CI: 4.0-15.2; p<0.0001) (Fig. 2) .
Eighteen patients (29%) of the radically resected subgroup had relapse. Time from primary radical resection to development of first evidence of clinical or radiological proven metastatic disease, determined as relapse free survival (RFS), was 29 months (95% CI: 17-41). For this group OS from diagnosis was 42 months (95% CI: 30-54).
Seven patients with disseminated disease at diagnosis, subsequently radical operated had metastatic relapse within 16 months (95% CI: 8.3-23.7 months) vs. the subgroup of patients with localized disease (n = 11) that had a RFS of 33 months (95% CI: 26.5-39.5) (HR 2.8, 95% CI: 1.0-8.2; p = 0.048). Patients presenting with symptoms of acute appendicitis (n = 48; 58%) survived significantly longer (median not reached) vs. the subgroup of patients presenting with other symptoms (n = 35, 42%) listed in Table 1 (27 months) (HR: 1.2, 95% CI: 1.1-1.3; p<0.0001).
The Tang classification correlated with survival. The median OS was 118 months for Tang group A (SE/CI95% not calculated, since median just reached), 83 months (95% CI: 53-113) for Tang group B and 20 months (95% CI: 14-26) for Tang group C. A Kaplan-Meier curve and log-rank overall comparison, demonstrated a highly significant difference (HR: 2.7, 95% CI: 1.6-4.5; p = 0.0002) (Fig. 3) . Log-rank pairwise comparisons identified significant differences between Tang group A and C (HR: 3.0, 95% CI: 1.7-5.1; p = 0.0001), between Tang group B and C (HR: 4.3, 95% CI: 1.7-10.6; p = 0.002) and a non-significant difference in OS between Tang group A and B (HR: 1.9, 95% CI: 0.9-4.0; p = 0.08).
There was no significant difference in OS between patients with Ki67 index <20% (57 months (95% CI: 21-93)) and patients with Ki67 index above 20% (89 months (95% CI: 35-143)), p = 0.25.
The median OS for patients with disseminated disease receiving chemotherapy was 20 months (95% CI: 9.6-30.4) vs. 18 months (95% CI: 0.5-2.9) for patients with disseminated disease not receiving chemotherapy (HR 1.2; p = 0.63). The median OS for patients receiving chemotherapeutic regimens as for CRC (colorectal-cancer) cancer (n = 9) was 42 months (95% CI: 13-71 months) and for patients having SCLC (small-cell-lung-cancer)-regimens (n = 11) 23 months (95% CI: 13-33 months) (p = 0.42).
At last follow-up, August 2014, 20 of 27 (74%) males and 22 of 56 (39%) females were still alive. The median OS for females was 64 months (95% CI: 19-109 months) and for males the median was not reached (HR: 2.6, 95% CI: 1.1-5.8; p = 0.02; Fig. 4) . Fig. 4 may be biased since more females had disseminated disease than males in our cohort. There was no difference in OS between males and females in the subgroup with disseminated disease (8 months vs. To perform Cox multivariate analysis, 8 covariates were identified by univariate analysis of all independent factors associated with prognosis ( Table 4) . As covariates in the Cox analysis gender, localized vs. disseminated disease at diagnosis, Stage, Tang classification, focally positive vs. positive IHC for CgA, negative vs. focally positive vs. positive IHC for synaptophysin and p53 and radical vs. non-radical surgery were included, since all factors were significant in the univariate analysis on prognosis. From the Cox multivariate analysis we concluded that the most negative prognostic factors were non-radical operation and tumor Stage IV. Furthermore, negative and focally positive IHC for synaptophysin were negative prognostic factors compared to positive staining (Table 4) .
Discussion
The present study is one of the largest well characterized cohorts of GCC patients ever reported. The two ENETS Centres of Excellence cover around 75% of the Danish population. The novel findings of the present study were focally positive vs. positive IHC for both CgA and synaptophysin in GCCs, to have Stage IV GCC and non-radical surgery are interpreted as negative prognostic factors. We confirmed that the Tang classification was a significant prognostic factor while the Ki67 index was not associated with overall survival, but Ki67 index correlated with the Tang classification.
The two subgroups, localized and disseminated disease, have similar median age (59 vs. 58 years) and there was no difference in median age between Tang group A, B and C. This may suggest that disseminated disease and morphology according to Tang group C is unrelated to tumor progression over time from localized GCC or Tang group A/B, but may suggest a difference in tumor behavior and biology. We found a 1:1 female:male ratio in the subgroups of localized disease vs. 14:1 in disseminated disease. In previous studies the differences in age or gender were not correlated to localized or disseminated disease [8, 9, 18, 19] . It is unknown why females are more severely affected by disseminated disease than men. All patients in our study had symptoms at diagnosis with 60% showing signs of acute appendicitis as demonstrated by others [1, 7, 8, 20] .
The Ki67 proliferation index is mandatory for tumor grading and the malignant potential of gastroenteropancreatic NENs [1, 3] . However, the role of Ki67 index in GCCs remains controversial. A retrospective study of 63 GCC patients showed a significantly reduced survival rate with increasing Ki67 index [9] . A recent study of 12 GCCs concluded no prognostic significance of Ki67 for GCCs [19] . In our study median Ki67 was similar for localized and disseminated disease, and the Ki67 index was not a prognostic marker in the univariate or multivariate analysis with similar survival rates in patients with Ki67 below or above 20%. However, patients with Tang group C had a median Ki67 significantly higher than patients with Tang group A and B. Based on our results the Tang grading is more indicative of the behavior of subtypes of GCCs than the Ki67 index. Therefore, careful evaluation of the morphologic features of GCCs is crucial for both clinical management and prediction of outcome and additional IHC markers are warranted.
The oncogene survivin (BIRC5) may be a prognostic marker in gastroenteropancreatic neoplasms and a novel marker for NENs [21, 22] . Additionally, adjuvant survivin-targeted therapy may have potential benefit in patients with neuroendocrine carcinomas in the uterine cervix [23] . In the present study we investigated the nuclear expression of survivin, to identify those cancers that were more resistant to apoptotic stimuli and chemotherapy and with poorer survival. However, we found no association between survivin and survival.
Histopathological characterization of GCCs includes positive IHC staining of the NEN markers synaptophysin and CgA [7, 9, 18, 24] . In contrast to typical appendiceal carcinoids which stain more homogenously positive for CgA and synaptophysin, GCCs often show a more scattered positivity of the neuroendocrine markers [1, 9, 18, 25] . Our immunoprofiles of the NENs divided into Tang group A, B and C, are similar to the results by Tang et al. [9] . To complement our univariate analysis we identified both focally positive CgA and focally positive synaptophysin to be independent negative prognostic factors compared to positive staining. This is supported by data regarding the Tang group C that express positive/less positive neuroendocrine immunomarkers-thus resembling poorly differentiated adenocarcinomas [9] .
The difference in staining pattern for p53: positive/focally positive vs. negative is in discrepancy with the suggestion of a p53 independent pathway in GCCs [24] . All specimens from localized GCCs expressed positive/focally positive p53. This pattern was not applicable for disseminated GCC and supports our theory of GCCs being a heterogeneous group of diseases. Studies suggest that p53 mutations appear to play a role in the pathogenesis of some GCCs and it is reported that p53 mutation does not necessarily lead to protein overexpression [18, 25, 26] . In the present study positive p53 expression was determined in both localized and disseminated GCCs and indicates that several p53 dependent pathways are activated in GCCs.
Overexpression of MUC1 has been associated with more aggressive GCC tumor biology [9] . However, we did not find such a correlation. Expression of MUC2, which is secreted from goblet cells in the gut, has been associated with relatively indolent tumor growth [9] . Hence, taking the morphologic Tang classification into consideration the expression of MUC2 should diminish from group A to C. This study does not support MUC1 and MUC2 staining to be a useful tool in classifying GCCs. The discrepancy regarding MUC1 and MUC2 staining in our study compared to Tang et al. (9) may partly be explained by the different antibodies used.
Computer tomography (CT) or magnetic resonance imaging (MRI) is recommended to identify loco-regional or distant metastases [1, 27] . Since the presence of somatostatin-receptors on goblet cells is sparse or lacking, SRS is usually not applicable [7, 20] . A sensitivity of 38% (5/ 13) does not justify this imaging procedure in GCCs patients, however, the post-operative SRS performed in our study showed a specificity of 100%. To date there are no specific prospective imaging studies of GCCs. A recent retrospective study of CT demonstrated close correlation between predefined CT pattern and the Tang classification [9, 28] . 18 F-Fluorodeoxyglucose positron emission tomography (FDG-PET) may be useful in patients with increased metabolic activity and high Ki67 index [29] . Treatment of GCCs is primarily based on surgery. RSH is considered the standard surgical treatment of localized GCCs and is recommended to take place within 3 months of the appendectomy [1, 27, 30] . However, there has been disagreement whether simple appendectomy is sufficient to secure radicality for localized tumors or whether RSH is mandatory [5, 6, 8, 9, 16, 20, 31] . In addition, some studies suggest a prophylactic BSO in female patients, at the time of RSH due to the high propensity for ovarian metastases [5, 6, 9, 16] . Two females of our cohort had metastases to the ovaries years after radical surgery for GCC and had a subsequent BSO. Based on our results we do not advocate for prophylactic BSO in female patients with localized GCC at diagnosis since evidence is lacking.
Some authors have suggested that localized GCCs <1 cm, without serosal, mesoappendiceal or caecal invasion, with free surgical margins and with a low proliferative index (less than 2 mitoses/10 HPF), should be treated with a simple appendectomy since metastases rarely develop in these patients [8, 20, 32] . Our results advocate for performing RSH in all GCC patients, as these patients had a significantly longer OS (89 months) vs. patients having only simple appendectomy (25 months). However, the latter group was small with risk of selection bias. Noteworthy is, the significant longer RFS of the radical treated subgroup of patients with localized GCC at diagnosis (16 months) compared to the radical treated group of patients with disseminated GCC (33 months), which may suggest that a true radicality is rarely obtained in disseminated cases.
In the presence of disseminated disease at time of diagnosis debulking surgery is recommended when possible followed by chemotherapy with regimens similar to colorectal adenocarcinomas [11] . A recent study advocates for cytoreductive surgery + HIPEC in GCC patients with peritoneal spread with an OS of 68 months [33] . The treatment strategy should be individually tailored taking potential side effects and complications into consideration. Age, lymph node involvement and dissemination plus the Tang Classification are some of the factors to be considered. Guidelines for choice of chemotherapy are lacking; the ENETS Guidelines 2012 advocate for first line treatment with 5-flourouracil-based combinations [1] . In agreement, we found a tendency towards longer survival for patients treated with colonic cancer regimes-however, the number of patients treated was low along with the risk of selection bias.
For GCCs a 5-year survival between 60%-85% has been reported [2, 5, 24] , while one study observed only 45% 5-year survival, reflecting the great proportion of females with metastases included [8] . These data correspond to our results, showing a 5-year survival of 58% hence our cohort has a preponderance of females (67%) having 5-year survival of 49%. To have disseminated disease at diagnosis is a negative prognostic factor with a HR of 8. Further, we found that non-radical operation to be a negative prognostic factor with HR of 7, which reflects the subgroup with disseminated disease not having curative surgery. Focally positive staining pattern for CgA and negative/focally positive staining for synaptophysin were associated with poorer survival, probably due to a more poorly differentiation in these tumors. The obvious question must be whether localized and disseminated GCCs represent different disease entities?
Conclusion
We found that the Tang classification and tumor staging are important prognostic factors along with negative/ focally positive synaptophysin in tissue specimen and non-radical surgery, while the Ki-67 index has no prognostic value.
In addition, we found that localized appendiceal GCCs occur equally in males and females, while disseminated GCCs are much more common in females indicating a more aggressive disease in women. Furthermore, the median age of patients with localized and disseminated disease was equal.
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